Water and energy are two of the most important resources of the 21st century. Water is required to supply energy and, at the same time, energy is required to supply water. In urban water management, the key factor is warm water heating. Depending on the quality of the raw water, the provision of drinking water requires the application of different process technologies; the more complex the methods, the higher the energy demand. As in metropolitan areas, in particular, water consumption exceeds local availability, water pipelines are necessary with respective energy demand. The reuse of water can contribute significantly to conserve water and energy resources.
supply of the megacities' population. Already at this point, one can imagine the close interrelationship between water supply and energy availability.
LINKAGE OF WATER AND ENERGY
Water in the cycle of urban water management Figure 1 shows the water cycle in the area of urban water management, including the options of water reuse/reclamation. Depending on the type of water resource (groundwater, surface water, seawater/brackish water) water is extracted, treated, and distributed. Thereby, the treatment intensity varies, depending on the intended utilization (agriculture, industry/cooling water, private households).
Water withdrawal covers the total amount of water extracted from the water body (groundwater, surface water, seawater) for utilization. Depending on the type of water utilization, one has to differentiate between net loss or consumptive water use and discharge or non-consumptive water use.
• Water consumption (net loss, consumptive water use):
water which is directly 'consumed', for example, via evaporation (cooling water), transpired by plants, incorporated into products or crops, consumed by people or livestock, or otherwise removed from the immediate water environment (Vickers ). Access Worldwide, about 0.8 billion people have no access to clean drinking water; about 2.5 billion people have no access to sanitary facilities. One of the objectives of the Millennium Development Goals, passed in 2000, is to halve the number of people without access to safe drinking water and basic sanitary facilities (reference year 1990; UN ) About 1.5 billion people in developing countries lack access to electricity and about 3 billion people rely on solid fuels for cooking (UNDP ). In emerging and developing economies, in particular, there is a growing demand for energy (electricity, heat, cooling) , primarily in the area of mobility. The results are negative environmental impacts, for example, smog
Population growth and increasing living standards
The UN () estimates that the population will reach 10.9 billion in 2100. Population growth and increasing living standards imply higher water and energy consumption in private households, industry and food production Urbanization/regional availability With increasing urbanization, the distances between the place of origin and the place of consumption of water and energy (electricity) grow, involving the construction/operation of short-distance respectively longdistance networks/pipelines Food/biomass production Due to population growth, there is an increasing demand for food and thus an increasing water demand in agriculture. At the same time, meat consumption increases, thus further increasing the water demand (Hoekstra & Chapagain ) There is a growing competition between the production of food and the production of biomass for energy generation (biogas biofuel The index describes the relation between the mean annual water withdrawal and the total renewable fresh water resource (Jiménez & Asano ) . When interpreting the water stress index, one has to distinguish the different kinds of water utilization, especially with respect to water consumption (net loss) and water use (discharge) (Cornel & Meda ) .
In Figure 2 , the specific water withdrawal is depicted for Even where drinking water is provided via desalination of seawater with resulting doubled power consumption, the basic difference from thermal energy persists. Thereby, the difference in quality of the energy forms electricity and heat has to be taken into account.
Energy consumption for water plays an important role in private households (12-25% of the total energy demand, depending on the geographical location). In municipalities, water supply and disposal are key factors, too, as they are the main consumers of electricity in communes/cities, together with street lighting. In California, for example, approximately 50% of the total municipal energy consumption is taken up by water supply and wastewater treatment (Wilkinson  
Application of water for energy generation
Supplying energy requires water ( Figure 5 ). Thereby, water is required for providing primary energy (i.e. extraction, refining, and transport) on the one hand, and the generation of electricity (cooling water) on the other hand. When water is used as cooling water, water loss by evaporation has to be considered: approximately 3% of the total water input (Olsson ).
In the field of biomass production, the difference in biomass utilization (gas, ethanol or diesel) has to be taken into account as well as the application of irrigation water for crop production. Thereby, irrigation is a function Application of water for supplying water and the significance of water reuse in municipalities
Water supply includes the application of energy. Thereby, to begin with, the energy demand depends on the quality of the raw water (groundwater, surface water, seawater/brackish water, WWTP effluent) and the water quality to be achieved for the intended function (agriculture, industry, and private households). The decisive factor of influence is the process technology applied for treatment (affects both drinking The data in Table 3 show a significant correlation between the quality of the raw water and the energy consumption; thereby, the applied processes aim at drinking water quality.
This also applies to water reuse, where the aspects of conveyance and treatment intensity, in particular, have to be taken into account and show savings potential: that is, by using water resources close to the point of origin, energy for long-distance transport is minimized. In addition, water technologies to be applied should be adjusted to the respective raw water quality and the intended use. In intra-urban areas, in particular, there is mostly no differentiation in treatment qualities, that is, the highest standard (drinking water) applies. From the point of view of linking water and energy, this fact should be critically discussed in terms of 'Fit for Purpose'. Table 4 Within the context of an Australian study, drinking water production via desalination was compared with different scenarios of water reuse (direct potable reuse: treatment of WWTP effluents with -inter alia -ultrafiltration, reverse osmosis, disinfection and discharge, direct storage and conveyance to drinking water production facilities; non-potable reuse: treatment via precipitation/flocculation, ultrafiltration and disinfection and feeding into a process water network). Yüce et al. (2012) .
c Müller (2013); Müller K., personal communication, 2014 . d ATSE (2013 . e Lahnsteiner & Lempert (2007); Lahnsteiner J., personal communication, 2009. disinfection and distribution) to be between 0.1 and 0.7 kWh/m 3 , depending on the applied process technology.
Including disinfection and distribution, the energy consumption of grey water treatment is between 0.6 and 1.5 kWh/m 3 (Table 5) .
Prospects: utilization of the resources energy and nutrients contained in water
Water utilization involves energy input, especially regarding heat (e.g. water for body hygiene) and via organic matter Water is needed to supply energy. The focus here is on heat utilization for cooling in power stations as well as on water consumption (irrigation) in the field of biomass production. At the same time, water supply needs energy. With regard to urban water management, warm water heating is the main factor.
Depending on the quality of the raw water, different treatment technologies are needed to provide drinking water, starting with solely conveying energy (groundwater), flocculation/filtration (surface water) up to reverse osmosis (seawater).
The more intensive the treatment technology, the higher the energy consumption. As, especially in metropolitan areas, the water demand exceeds local availability, water pipelines are necessary, again increasing the energy demand.
Water reuse can contribute significantly to conserving resource water as well as energy. Mostly, the water to be used is available locally, thus making long-distance transport and also nutrients (nitrogen, phosphorus, etc.). In the context of implementing water reuse processes these can be utilized as well.
